Abstract: The preparation and synthetic uses of a number of bifunctional reagents (5-chloro-2-trimethylstannyl-2-pentene and related substances, (~)-1-bromo-4-methyl-3-trimethylstannyl-2-pentene, and alkyl (z)-and (~)-2,3-bis(trimethylstannyl)-2-alkenoates) are described. In this work a number of useful annulation methods were developed and these annulation sequences played key roles in effecting total syntheses of the sesquiterpenoids (+)-axamide-1 and (+)-axisonitrile-1, the diterpenoid ( + ) -( 1 4 S ) -dolasta-1(15),7,9-trien-l4-ol, and the sesterterpenoid (2)-palauolide. A versatile synthesis of functionalized, stereochemically defined tetrasubstituted alkenes, starting from cr,j3-acetylenic esters, has been developed.
INTRODUCTION
Organic reagents that possess two reactive sites (normally nucleophilic and/or electrophilic) and are incorporated into a substrate molecule via sequential or "simultaneous" deployment of the reactive centers have become increasingly important in organic synthesis. A perusal of the recent chemical literature makes it clear that these "bifunctional conjunctive reagents" (ref. 1) are particularly useful for the production of carbocycles via annulation sequences. The utility of the bifunctional reagents lies mainly in the fact that relatively short synthetic sequences are involved in converting structurally rather simple substrates into significantly more complex, usefully functionalized products.
In this paper we describe the preparation of a number of bifunctional reagents and outline some of the uses of these substances in organic synthesis. Specifically, we report on the synthesis and chemistry of (a) 5-chloro-2-trimethylstannyl-1-pentene (1) and related substances, (b) (~)-l-bromo-4-methyl-3-trimethylstannyl-2-pentene (z), and (c) alkyl (z)- (3) and (~)-2,3-bis(trimethylstannyl)-2-alkenoates ( 4 ) . In the work described below, compounds -1 and 2 served well as synthetic equivalents to the donor-acceptor synthons (ref.
2) A and B , respectively, while 2 and 4 performed as synthetic equivalents to the donordonor synthon (ref. 2) s (W -functional group derived from C02R'). (i) n-BuqNF, THF, 50 "C; ( j ) MeC02CH0, Et20; (k) p-toluenesulfonyl chloride, pyridine.
plausible and provide reasonable evidence to support the stereochemical assignments. These assignments were subsequently corroborated by a single crystal X-ray analysis of 2 (m.p.
172 -173 'C), which showed that, in the crystal, the conformation of this substance is very close to that shown in m.
Wolff-Kishner reduction of 2 gave the corresponding acid, which was converted (ref. 10) efficiently into the crystalline carbamate 25. The latter material was transformed into (2)-axamide-1 (a), which was dehydrated (ref. 11) to afford (+)-axisonitrile-1 (27) (m.p.
-46 "C).

Natural product synthesis: (+)-palauolide
Palauolide, a structurally unique antimicrobial sesterterpenoid isolated from a mixture of sponges collected from Palau, Western Caroline Islands, was shown (ref. 12) to possess structure 21. The total synthesis of (?)-= is summarized in Scheme 2 (ref. 13 ). When 3,6-dimethyl-2-cyclohexen-l-one (a) 22(b) ). The latter sequence of reactions served as a model for the total synthesis of a dolastane-type diterpenoid (see below). On the basis of steric and stereoelectronic considerations (molecular models), it appeared that alkylation of 74 at C* would take place preferentially from the side opposite the angular methyl group. Therefore, addition of the necessary appendages to the ketone 74 had to be done in a specific order. In the event, alkylation of the dimethylhydrazone of 3 with reagent 2 provided, after hydrolysis of the hydrazone linkage, a single product that, upon methylation, was converted into the ketone 75. Reaction of the latter material with iodine in CH2C12 gave 76. It is evident (molecular models) that cyclization of 76 should occur in the desired stereochemical sense. Indeed, treatment of 76 with magnesium in refluxing THF gave a single cyclized product, which was spectrally identical with (14S)-dolasta-1(15),7,9-trien-l4-ol (77). 
